Abstract-A new type of energy-saving life testing device used for overrunning clutch, with simple structure, symmetrical layout and low energy consumption, is proposed to simplify the testing system and solve the problems of complexity, bulkiness and high cost, which exist in the traditional comprehensive testing systems. The interaction between two groups of the inverse cam mechanism are utilized to automatically achieve the state transition of overrunning clutch, the torsion springs to load overrunning clutch, and a flywheel to reduce speed fluctuations. Therefore the complex control system and data acquisition system are not required. The functions of the device are illustrated and verified with a 3D model of the device and its kinematics and dynamic simulation.
INTRODUCTION
Overrunning clutch is an important component for dynamic transmission, which is widely used in many mechanical transmission systems. It is a device that engages and disengages automatically according to the relative velocity between the driveshaft and the driven shaft. The present overrunning clutch testing systems are composed of drive system, clutch installation system, load system, control system and data acquisition system. The working process of the testing systems is as follows: a) The drive system provides energy to the overrunning clutch. b) The control system controls the movement of the testing system according to the data which collected from every parts. c)The load system provides the required load when the clutch is engaged. Zhu [1] and Tie [2] used hydraulic system to load in their overrunning clutch testing devices. These testing devices have the advantages of big loading force and small impact force. However, the whole testing device is bulky, has a slow response speed, requires extra load and has a large energy consumption. Burgess [3] and Imado [4] used brake to load in their clutch testing devices. In these testing device, the load is adjustable but it costs much energy. Richter [5] , Li [6] and Liu [7] designed testing systems that use two motors to simulate the operating conditions of the overrunning clutch. These testing systems have the characteristic of high rotation speed and can be controlled automatically by program. However, these testing systems require complex control system and the cost is high. Cramton [8] designed a testing device using non-circular gears and a torsion spring to load back and forth between two overrunning clutches every halfrevolution. The device can test two clutches at a time, but the energy of the device is finally consumed by the internal friction of the multi-disc clutch. In general, the above clutch testing devices have the problem of high energy consumption or high cost or complex control system.
In this paper, a new type of energy-saving life testing device for overrunning clutch, with simple structure, symmetrical layout and low energy consumption, is proposed. The system uses the combination of the inverse cam mechanism and torsion springs to achieve the state transition and the load of overrunning clutch. The design and analysis results of the device show that this device is able to achieve the function of the overrunning clutch life testing systems and save energy, which provides the basis for the design of the same type of test device.
II. FUNCTIONAL REQUIREMENTS OF THE TESTING DEVICE
The structure of the overrunning clutch is shown in Figure  I . During the working process, there will be an engaged state and a disengaged state. When the inner race rotates counterclockwise relative to the outer race, the clutch is in the engaged state where the inner race and the outer race are in the same speed, and there is a load between the inner race and the outer race. When the inner race rotates clockwise relative to the outer race, the clutch is in the disengaged state, and there is no load between the inner race and the outer race. In this paper, when designing the overrunning clutch life testing device, not only the transition of the two states but the way to improve testing efficiency and reduce the energy consumption are considered. The specific requirements are as follows:
It must be able to achieve the transition of the two working states.
When the clutch is in the engaged state, there will be a load and the load should be adjustable so that the testing system can test various of clutch.
In order to control the testing time, the transition frequency of the two working states should be adjustable.
It should be a low energy consumption device which means using the minimum energy to complete the testing function.
Its structure is simple and it does not need complex control systems.
III. STRUCTURE AND PRINCIPLE OF THE TESTING DEVICE

A. Structure of the Testing Device
The structure of the proposed energy-saving overrunning clutch life testing device is as shown in Figure II . The device consists of a flywheel, two groups of inverse cam mechanism, two overrunning clutches, two torsion springs and a group of gear. The inverse cam mechanism A is composed of cam A, follower A and rollers, and the inverse cam mechanism B is composed of cam B, follower B and rollers. The flywheel with a certain counterclockwise rotation speed is fixed to shaft A, and it provides energy for the testing device(the flywheel is driven by a motor which is not drawn in Figure II ). Shaft B's rotation speed and direction is the same as shaft A, which are ensured by the gear group connecting shaft A and B. The rotation speed and direction of follower A, follower B, outer race of clutch A, outer race of clutch B, which are fixed on the shaft A and B respectively, are the same as the flywheel during the entire testing period.
B. Principle of the Testing Device
As is shown in Figure II (b), follower A drives cam A clockwise through a roller, which makes the non-preload torsion spring A rotate clockwise to store energy and the inner race of clutch B rotate clockwise. At this time, follower B is just separated from cam B which has the trend of making inner race of the clutch A rotates counterclockwise with the effect of the maximum preload torsion spring B. Then clutch B is in the disengaged state and clutch A is in the engaged state accordingly. The stiffness coefficient and preload of the torsion spring determine the load of the overrunning clutch during the testing process. Inversely, when the flywheel rotates counterclockwise 90 degrees, follower A is just separated from cam A, and the clutch B is transferred from the disengaged state to the engaged state. Follower B drives cam B with clockwise rotation through a roller, and the clutch A is transferred from the engaged state to the disengaged state. The torque of torsion spring A is reduced to zero, and the toque of torsion spring B increases to the maximum. The testing device will cycle through 90 degrees. 
IV. SIMULATION OF KINEMATICS AND DYNAMICS OF THE TESTING DEVICE
To verify the proposed life testing device, modeling, simulation and analysis are carried out in ADAMS (Automatic Dynamic Analysis of Mechanical Systems) software.
A. The Basic Experiment Parameters of the Overrunning Clutch
According to the Mechanical Design Handbook [9] , the CKA3 overrunning clutch is selected and its basic parameters are shown in Table I . 
B. Modeling and Testing Parameters of the Testing Device
The 3D model of the device is build by Solidworks software. Then the model is imported into the ADAMS software. After simplifying the overrunning clutch, adding constraint and friction moment of the testing device, the kinematics and dynamics simulation are carried out. The main testing parameters of the simulation model are shown in Table  II . 
1) Simplification of the overrunning clutch
In the simulation model, the overrunning clutch is simplified as an inner race and an outer race, and the constraint between the inner race and the outer race is controlled by setting two sensors and a script simulation program. One sensor measures the relative speed between the inner race and the outer race. When the relative speed changes to zero, the overrunning clutch transfers from the disengaged state to the engaged state. The other sensor measures the torque direction between the inner race and the outer race. When the torque direction changes, the overrunning clutch transfers from the engaged state to the disengaged state. The script simulation program is used to activate or eliminate the fixed pair between the inner race and outer race.
2) Contact between cam and roller
During the movement of the device, the main interaction between cam and roller is continuous contact. This kind of contact can be defined by the Restitution model and the Impact function model in ADAMS software. In this simulation, the Impact function model is used to define the contact.
The parameters related to the contact of cam and roller in this simulation are shown in Table III . 
3) Determination of friction moment in the testing device
All the rotating shafts in a machine are supported by the bearing. The part of the shaft in the bearing is called journal. The journal and the bearing constitute the rotating pair.
FIGURE III. THE ANALYSIS OF THE JOURNAL
As is shown in Figure III , the journal with a radial load G is rotating in the bearing under the action of the driving force moment d M . At this time, the friction moment produced by the two elements will to prevent the journal's rotation. Then the friction of the bearing to the journal can be described as [10] :
where f is the friction coefficient in the journal. The friction moment of the bearing to the journal can be described as:
In order to simplify the simulation model, the friction moments calculated by the above equations are added to flywheel, shaft A and shaft B. Their values are shown in Table  IV . Figure IV shows the simulation results of the angular velocity variation of the flywheel with two different moment of inertia during the first three cycles of the device's movement. Figure V shows the simulation results of the torque variation of the torsion spring A and the overrunning clutch A during the first cycle. Figure VI shows the simulation results of the torque variation of the torsion spring B and the overrunning clutch B during the first cycle. Figure VII shows the simulation results of the torque variation of the torsion spring A and the overrunning clutch A during the third cycle. Figure VIII shows the simulation results of the torque variation of the torsion spring B and the overrunning clutch B during the third cycle. Figure IX shows the relationship between stiffness coefficient of the torsion spring and the maximum synchronous torque of the clutch. From Figure IV , it can be seen that: During the movement of the device, the rotational speed of the flywheel decreases periodically due to the friction. When the flywheel's moment of inertia is J 1 , its rotational speed decreases by 2.5deg/s per cycle, and it decreases the kinetic energy of 6.96J. When the moment of inertia of the flywheel is J 2 , its rotational speed decreases by 3deg/s per cycle, and it decreases the kinetic energy of 6.67J. That means the testing device approximately costs 7J energy per cycle. When the initial angular velocity of the flywheel is the same, the greater the flywheel's moment of inertia is, the slower the rotational speed of the device decreases. The flywheel's rotational speed and moment of inertia determine the duration of the experiment. The device can perform multiple cycles, and the motor provides energy to the flywheel when the flywheel rotational speed is decreased to a certain value (such as 100deg/s).
C. Simulation Results and Analysis of the Testing Device
From Figure V to Figure VIII , it can be seen that: The load change of the overrunning clutch A and B in the engaged state is basically the same as the torque change of the torsion spring A and B, respectively. The time of the clutch in the engaged state is the same as that in the disengaged state. Along with the process of the simulation, the cycles of the engaged state and the disengaged state are gradually increasing. The results of the simulation represent that the load of the overrunning clutch satisfies the demands.
FIGURE IX. THE RELATIONSHIP BETWEEN STIFFNESS COEFFICIENT OF THE TORSION SPRING AND THE MAXIMUM SYNCHRONOUS TORQUE OF THE CLUTCH
From Figure IX , it can be seen that: The maximum synchronous torque of the clutch is proportional to the stiffness coefficient of the torsion spring, and its slope is 90.Therefore, the synchronous torque of the clutch can be controlled by changing the parameters of the torsion spring.
V. CONCLUSIONS
This paper proposes an energy-saving overrunning clutch life testing device which structure is simple, layout is symmetrical and energy consumption is low. Following conclusions can be drawn from the study:
The device can achieve the transition of the two working states through its simple mechanical structure. The duration of the clutch's engaged state is the same as the disengaged state. The same function of the traditional overrunning clutch life testing system is achieved by this testing device.
